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Descrfption 

The present insertion relates to new fusion proteins whicfi consist of a timor-assodated targeting element prefer- 
entially a nwnoclonal antibody or a fragment thereof recognizing a molecule which is preferentiaDy expressed on human 
tumor cells such as the human epidemial growth factor receptor (EGFR). and a tjiologically active Ogand selected from 
the group of chemokine proteins, preferably from the C-X-C family. The resulting fusion proteins may be used to delivw 
the blologicaOy active ligand to a specif rc targ^ cell or tissua The new inrmunocor^ates can be used in tumor therapy. 

Background of the Invention 

Avariety of thaapeutic concepts have been used fathetreatmert of cancer patients. In the pas^ dinical trials have 
been perfomied with monoctonal antibodies which recognize specffically or preferentially cell-surface mdecutes 
expressed on malignant cells. The aim of this approach is the induction of antibody<Jependent cefluJar cytoxicity (ADCC) 
or complement-mediated cytotoxk% to efiminate tumor cells. A second approach is the cytoWne-mediated activation of 
an imnttjne response. The cytokine-induced anti-tumor activity can be mediated by: 

1) a direct cytotoxic/cytostatk; effect of the cytokine on tumor growth 

2) tumor-antigen non-specific mechanisms such as LAK activity or monocyte/granulocyte mediated cytotodcity 

3) tumor-antigen specific immune responses mediated by CD4 and CDS-positive TceflSw 

In this situation a systemic Intmunity against the timor has been observed in animal models. 

However. (Ototoxicity of high doses of the cytokines and insufficient in situ presence lead to the concept of targeted 
tumor therapy. The prindple of targeted tumor therapy is based on the physical Gntage of a target molecule such as a 
monoctonal antibody specific for a tumor-associated antigen with a biologically active effector molecule. The delivery of 
effector molecules by a target mdecii e should increase the cytokine concentratwn in the tumor and reduce the nraximum 
dose required. In animal models it was demonstrated that in situ presence of the cytokine either by intratumoral Injection 
or by secretion of transfected tunrwr ceDs may lead to tumor regresston (for reviews see: Cotombo and Fbmi. Immunology 
Today 15: 48-51, 1934). In these systems, cytokines do not impair tumor proliferation, but are capable (rf activating a 
rapid and potent anti-tumor reaction. Therefore the physical combination of an effector molecule and a targeting elenwnt 
r^esents a means of reducing the peripheral presence and enhancing the intratumoral availabOrty of the biok)gk;aIly 
active Ogand. Furthermore, single tumor cells or micro-metastases can also be targeted by these molecules. 

The btotogically active ligand for an antibody-directed targeting should induce the destruction of the target ceD either 
directly or by aeating an environment lethal to the target cell. This can be achieved by cytokines such as IL-1 . IL-2, IL- 
4. IL-7. IL-10. IL-13. IFNs, TNFa and CSFs. These cytokines have been shown to elicit anti-tumor effect either 
directly or indirectly by activating host defence mechanisms (Mire-Sluis, TIBTECH 11: 74-77, 1993; Colonto et al., 
Cancer Res. 52: 4853-4857, 1992; Thomas & Balkwifl. Phannac. Ther. 52: 307-330,1991). 

However, most of these cytoWnes activate effector ceOs, but show no or only weak chemotactic activity for them, so 
that anti-tumoral activity may be weak ffi the absence of suHaUe amounts of effe^ 

ChemoWnes. however, are chwnotachc for many effector cells and thus wffl enhance their presence at the tumor 
she and secondly they induce a variety of effector cell functfons (see for exanple: Mfller and Krangel (1992), biology 
and Biochemistry of the ChemoWnes; A Novel F^ly of Chemotactic and Wlammatory Cytokines", Critical Reviews in 
Immunology 12, 17) 

IL-8, MIP 2a (also known as GRO-p) and MIR 2p (GRCH are members of the C-X-C chemoWne superfen»*ly (also 
known as small cytokine super-fanily or intercrines). They act as chenrxrtactic factors and activate effector ceD functions 
and might therefore represent optimal effector molecules. This farnly of C-X-C chemokines Is a group of recently char- 
acterized smaO (8-10 kD) proteins, which show 20 to 50% homology in aminoadd sequence and have chemotactic and 
proinflanvnatory activities. iL-8 has a wefl defined three dimensional structure (Ctoreetal.. Biochemistry 29: 1689-1696, 
1990) and shares an N-terminal ELR motif with some of the CXC chemokines. It is to be expected that due to the 
sequence homology among the CXC chemokines the three dimensk)nal stnicture will be quite simOar. This was alrrady 
demonstrated for MCAFyMCP-1 (Gronenbom & Ctore ProL Eng. 4, 263-269, 1991). 

In solution IL-8 forms stable dimers (Qore et al., Biochemistry 29: 1689-1696, 1990) and H is possible that a F(abO 
IL-8 fusion protein is dimerized by interaction of two IL-8 monomers to fbnn a bivalent immunoconjugata This will 
strengthen the interaction of the fusion protein with the antigen. 

The mefTA)ers of the C-X-C-grot?) that have been described so fer. act mainly on neutrophil granulocytes. The genes 
have been k>calized on chromosome 4. Members of this group are PF4. platelet basic protein. hIPIO. IL-8, MIP 2a and 
MIP 2p. The effects of these proteins on neutrophfls are chemotactic activity, degranulation and respiratory burst (Sheny 
and Cerami, Current opinion in Immunology 3: 56-60. 1991; Oppenheim et al., Annu. Rev. Immunol. 9:617-648, 1991; 
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MiHerand Krangef. Critical Reviews in Immunology 12: 17-46, 1992; dark-Lewis et al.. J. Biol. Chem. 266: 23128-231 34 
1991). 

Menft)er6 of the dosely related C-C-lamily of chemokines act mainly on monocytes. Genes are all located on chro- 
mosome 1 7. These proteins are LD 78. Act-2. MCAF, 1309 and RANTES. These molecules show a strong chemotactic 
5 activity on monocytes (Matsushima et al., Chem Immunol. 51 : 236-255, 1992; Oppenheim et al.. Annu. Rev. Immunol. 
9:617-648,1991). 

Epidermal growth factor (EOF) is a polypeptide hormone which is mitogenic for epidermal and epithelial cells. When 
' EGFinteractswithsensitivecells, ttbindstonttrnbranerec^}tdrs(EGFR).TheEGFRisatmnsmernbrane 
of about 1 70 kD, and is a gene product of the c-ert>-B proto-onoogene. 

10 The murine monoclonal antibody MAb 425 was raised against the human A431 carcinoma ceil line (ATCC CRL 
1 555) and was found to bind to a polypeptide epitope on the external domain of the EQFa It was found to inhibit the 
binding of EGF and to mediate tumor cytotoxicity in vitro and to suppress tumor cell growth of epidenmal and colaectal 
carcinomaKlerived cell lines ffi vitro (Rodeck et at., 1987, Cancer Res. 47, 3692). Humanized and chimeric versions of 
MAb 425 are known from WO 92/15683. 

IS Thus, it was an object of this invention to aeate antibodies or fragments thereof comprising an epitope directed to 
an EGFR antigen on the surface of a tirnior cell and a biologicafly active ligand having a high chemotactic activity for 
their effector ceDs and, thus, leading to a low-toxic targeted tumor therapy. The immunooonjugates represent, therefore, 
an improvement of analogous cytokine-antibody immunooonjugates, which are simOarly effective with respect to their 
abOity to cause tumor lysis but not with respect to the possbOity to effectively attract effector cells to a specific site 

so because of its chemotactic properties. 

Summary of the Invention 

The invention relates to fuskm proteins which combine part of a monoclonal antibody, minimumly the antigen-reo- 
ss ognition site or a complete monoclonal antibody recognizing an epitope of the EGFR, with a biok)gically active ligand 
selected from the group of chemokines, pref eratsly from tfie 0-X-C family, especially IL-«. The constnicts encoding these 
fusion proteins are generated by recombinant DNA technology methods. The fusion proteins contain the variable region 
of tfie antibody heavy chain and the CHI domain of the constant region (CHI-conjugates, Fab-fmgment) and the appro- 
priate light chain, or the variable region of the antibody heavy chain and the CHI and CH2 domain of the constant region. 
30 or the variable region of the antibody heavy chain and the CHI , CH2 and CH3 domain of the constant regkHi, fused to 
the biologically active ligand in each case. By oo-expresskvi with the appropriate light chain a fuskxi protein can be 
generated which targets antigen-bearing cells and deOvers an active ligand to a specific site in the body 

Analogously, another immunoconjugate can be obtained by fusing the chemokine to the C-tennlnus of a Fv-f ragment 
of the antibody. In this case heavy and light chain are expressed in one polypeptide where both elements are combined 
3S by an appropriate linker sequence to ensureproper folding of the antigen bincfing site. The different constmcts are shown 
inRg. 1. 

Expressfon of irmiunocor^ugates results in new molecules which combine two functions: firstfy they target antigen- 
bearing cells (EGFR) and secondly, they deliver an active ligand to a specific site in the body. These figands are potent 
chemoattractants and activating molecules and result in infiltration of effector cells at the tumor site and may cause 
40 subsequent tumor destructkm. 

By means of the immunoconjugates according to the Inventkm tumors such as melanoma, glioma, and carcinoma 
can be detected and treated suxessfully in absence of respectable general toxic effects. 

Thus it is an ot)ject of this invention to provide an immunoconjugate comprising of a monoclonal antibody or a 
fragment thereof directed to a tumor cell bearing an antigen epitope of the epidermal growth factor receptor (EGFR), 
4S and a chemokine protein ligand which is fused to sakJ antibody or antibody fragment 
There are different groups of chemokines, such as C-X-C and C-C chemokines. 

Thus, in a preferred embodiment according to the inventkxi the chemokine protein is selected from the C-X-C toiay. 
Wttiih the C-X-C family IL-8 is a preferred embodiment of the inventkxi. 

Therefore, it is an object of this invention to provkie an immunocor^ate, wherein the chemokine protein is selected 
so from the C-X-C family and is preferably Interleukin 8 (IL-8). 

The antibocfies whch can be used according to the inventkxi are either whole antibodies or fragments thereof. 
Suitable fragments are Fvs, Fabs or F(ab')2s (CHI antibody fragments according to the language of this applfoation), 
CH3 and CH2 antibody fragments (Rg. 1). Preferred embodiments are Fvs, CHI •,CH2 and CH3 antibody fragments. 

It is an object of the present invention, therefore, to provide an immunocorijugate. wherein the antibody is a Fab 
55 fragment or a F(ab')2 fragment consisting essentially of the variable regnn of the antixxJy heavy chain, the CHI domain 
of the constant region, and the appropriate tight chain (antibody-CHI coniugate), another invnunocori^jgate. wherein 
the antibody is an antibody fragment consisting essentially of the variable region of the antibody heavy chain, the CHI 
and CH2 domains of the constant region, and the appropriate light chain (antibody-CH2 conjugate), another immuno- 
conjugata wherein the antibody a complete antixxly consisting essentially of the variable region of the antibody heavy 
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chain, the CHI , CH2 and CH3 domains of the constant region and the appropriate light chain (antibody-CH3 oorjugate) 
and. finally, a further immunocor^ugate, wherein the antibody consists essentially of the variable region of the antibody 
heavy chain, the appropriate light chain and a polyppetide sequence which finks the light and heavy chain (antSxxiy* 
Fv conjugate). 

5 The immunoconjugates according to the invention may comprise optionally a restriction site between the antibody 
(fra^enQ and the chemokine prot^ which makes it possible to introducep for example, a speofc finker peptide in order 
to ensure an optimal binding of the corijugate to the target eprtopa Suitable Bnker peptides and methods to introduce 
them me well Ivibwn in the art and deeabed bek)w. Accor^ 
unique in the particular DNA constnjct. Prefened restriction sites are Nool and Bdl. 

10 Thus it is a further object d this invention to provide an immunoconjugate comprising of an amino acid (sequence) 
which is deducable to a DNA restriction site between antibody /antibody fragment and biok)gical active Ggand, said 
restriction site being unique within the complete fusion construct 

It is a further object of this invention to provide an immunooorijugate comprising of a linker peptide between antibody 
/antbody fragment and biok)gical active Ggand. 

15 Principally. aH antibodies are suitable which are directed to EOF receptors on tumor cell suriaces. However, mono- 
clonal antibody 425 is a preferred embodiment 

Furthermore, it is an object of the invention to provide an immunoconjugate, wherein the antibody or antibody frag- 
ment derives from murine, humarvzed or chimeric MAb 425, and is preferably selected from the group MAb 425-CH1 • 
ILB, MAb 425-CH2-(NcoI)-ILB, MAb 425-CH2-(Bcll)-ILB, MAb 25-Fv-IL8, MAb 42SCH3-I1-8. 

20 Furthennore, it is an object d the invention to provide a method for manufacturing an Immunoconjugate as defined 
above and below and in the claims by fusing the DNA sequences encoding for the antibody or antbody fragment and 
the biotogically active Ggand with one another on a single stranded DNA by means d an oGgonudetkle whk:h is com- 
plementary to the desired fusion DNA-sequence. placing the resulting construct into an expression vector which is trans- 
formed into the host organism, cultivating the host cells in a nutrient sdution and expressing the fusion prdein. 

25 The immunoconjugates d this inventnn are suitable for therapeutic use. 

Thus, it is an object of the invention to provide a pharmaceutical composition corrprising at least d one d the 
immunoconjugates as defined above, betaw and in tiie claims and a physiologically acceptable carrier. 

It is an aim d this invention to generate a fusion protein conssting d a monodonal antibody as targeting element 
and the chemokine IL-8 as dfector molecule with chemotactic and activating properties. 

30 For tiie first time it couM be demonstrated that IL-8 and dher chemddnes (such as MlPs) retain their bido^'c activity 
when the N-tenninus is blocked by additional amino acids such as the antibody mdety. Therefore, this mdeciie wiO be 
useful in targeted tumor therapy in that effector cells are directed to the EGF-reoeptor-posrtive tumor ceOs and activated 
in situ. 

It could be demonstrated that the cDNAs encoding the MAb 425 heavy chain and the IL-^ protein may be fused by 
35 mdecular biotogy methods and prdeins expressed in appropriate expression systems, and that the EQF-receptor-bind- 
ing capacity is conserved in the fusion prdeins (Fig. 2). 

The main target cells d IL-8 are neutrophO granulocytes, which have tiiree biological functions: 

• Chemotactic movement akMig a chemotactic gradient 

40 

• Release d stored granules with preproduced protedytic enzyn>es 

• Immediate production d superoxide anions (respiratory burst) 

45 Accordingly, MAb 425/Ncol/IL-8 and MAb 42S/Bdl/iL-8 fusion proteins were investigated for their chemotactic activity, 

induction of MPO-retease and stperaxide release^ 

Furthenmre it couM be shown that the fusk)n proteins aoconfing to the tnra 

and MAb 425/Bcll/IL-8) cause chemotactic activity, induction d MPO-release and superoxide releasa Results shown 

in Fig. 3a demonstrate that both fuston prdeins are chemotactic for human neutrophils in the range d recombinant IL- 
50 8 (Fig. 3b}. In additfon to the MAb 425^col/IL-8 and MAb 425/Bdl/IL-8 ftjsion prdeins, wtvch should asserrtle into a 

divalent form a monovalent F(ab>IL-8 fusion protein was aeated which was expressed in E. cofi and puified. Figure 4 

shows that the F(ab>IL-8 fusfonprotein is chemotactic for human neutrophils when compared to a MAb 425 F(ab*), 

expressed In E. ooG and purified aoconfingly. 

The MAb 425/Bdl/IL-8 fusion protein possesses rather strong capacity for superoxide release compared to free IL- 
55 8 (Fig. 5). the MAb 425/Ncol/IL^ fusion prdein is less active but values are signif k^antiy higher than control values (Rg. 

5). MAb 425 akxie shows no activity. All tests were performed using cytochalasine B as enhancer substance which 

atone shows no activity (data nd shown). 
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Both fusion proteins induce m/eloperoDddase (MPO)-re)ease. but the MAb 425/Ncot/IL-6 fusion protein is more 
active than the MAb 425/BcIl/L-8 fusion protein (Rg. 6). All data are calculated accordingly to the data of the trtlon lysed 
cells. wNch is called 100 % enzyme content AS data were generated using cytochalasine B as enhancer substance 

It was demonstrated previously that the N-terniinal portion of the IL-8 molecule with the highly consent E-L-R- 
motive is required lor receptor binding and signal transduction. The three dimensional structure of IL-8 is a homodimer 
in which both ff termmt are in an exposed confrguration. It was possiDle that the biologic activ!^ of IL-8 was abrogated 
when the N-tennini are blocked by additional amino acida Therefore, restriction sites (Nool/Bdl) were introduced 
between the two'cDNAs to introduce linker peptides and thereby restore acoe^^ • . 

Other approaches to create fusion proteins such as chemical coupling of both elements lead to rather undefined 
structures which might vary between batchea In addition chemrcal coi|)ling might destroy the secondary structure of 
the iigand or create a srtualkxi where most of the proteins are inactive with re&pect to receptor binding due to inacces- 
sibility. In contrast, the approach according to the invention generates fusion proteins of d^ned structure whk;h can be 
expressed in reprodudble quality with almost no limitatx)n. 

To sum up^ the fusion proteins according to the invention have the Ibflowing properties: 



- bind to EGFR positive cells, 

- cause chemotactic activity. 

20 • induce MPO and superoxide release 

- Induce tumor lysis in situ. 

Therefore, the immunoconjugates according to the invention are suitable for tumor therapy. 

25 

Short description of the tables and figures 
T^b.1: 

30 Table I shows the sequence of the primers used for PGR to generate either a Ncol or a Bdl-site. to create fusion 
proteins for eucaryotic expresekxi. 

Rg.1: 

35 Models of antibody-cytokine immunoconjugates. 

C = cytokine; VH = heavy chain variable region; VL = light chain variable region; CH = constant region heavy chain; CL 
» constant region light chain 



Fig. 2: 



Demonstratfon of MAb 425 in COS-7 Iransfection-supematants by anti EGF-R ELISA: 
squares: MAb 425-CH3 supernatant 
triangle: MAb 425-CK2KISkx)l)- IL-8 supernatant 
reversed triangles: MAb 425-CH2-(BdI)- IL-8 supernatant 
45 dots: pHCMV supernatant 

horizontal axis: dSution is the supematants 
vertical axis: optical density at 490 nm 



ing. 3a: 

Induction of chemotaxis by COS-7 transfectkxi-supematants: 
column 1 : control DMEM/PS 
65 column 2: pHCMV supernatant mdiluted 

column 3: MAb 425-CH3 supernatant 1 :14 diluted (according to the results of EGF-r-EUSA) 
column 4: MAb 425-CH3 si^iernatant 1 :28 diluted (according to the results of EOF- r-EUSA) 
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column 5: MAb 425-CH2-(BcI0- US apemalam undOuted (1.76 10" io Moi/L*) 

cotumn 6: MAb 425-CH2-(Bdl)- tL-8 Btpematant 1 :2 diluted 

5 colunm 7: MAb 425-CH2-(Ncol)- IL-8 sipematent undluled (2.0 x 10" io Mol/L*) 

column 8: MAb 425-CH2-(Ncol)- IL-8 supernatant 15 dfluted* IL-8 concentration was detenrtned by EUSA 
• (Amerehan^' 

10 vertical axis: number of cells per counted field. 

Rg.3b: 

Induction d chemotaxis by purified IL-8 vertical axis: number of cells per counted field, horizontal axis: concentration 
16 of[L-8(Mol/l} 

Rfl. 4: 

Induction of chemotaxis by MAb 425-CHML-8 (E. cofi): 

20 

dots: MAb 425-CHML-8 expressed in E. coll 

squares: MAb 425-F(ab') expressed in E. coli 

25 triangles: control Dulbecco's/BSA 

vertical axis: number of ceHs per courted field, 
horizontal axis: concentration (Md / 1 ) 

30 

Rg.5: 

Induction of superoxide release by COS-7-transfection-supernatants: 
35 column 1 : unstimulated ceils 
column 2: IL-8 10 "tm 

column 3: MAb 425-CH2-(Ncol)- IL-« supernatant undOuted (2.0 x 1 0" 1 o m/V) 

40 

column 4: MAb 425<><2-(BcII)- !L-8 supernatant undiluted (1,76 10" 10 Mol/L*) 
cotunm 5: MAb 42&CH3 si4)ematant undiluted (0 Md/L*) 
45 vertical axis: optical density at 550 nm. 
Rg.6: 

Induction of MPOn-elease by COS-7-transfection-sn)ernatants: 

so 

coLimn 1 : unstimu^ed cells 
column 2: cytochalasine B stimulated celts 
55 column 3: fl-810~7M 



* IL-8 concentration was d^ermtned by ELISA (Amersham) 

• IL-8 concentration was determined by EUSA (Amersham) 



6 



EP0706799 A2 



column 4: MAb425-CH3siipematantundiuted 

columns: MAb425<}H3fi^)ematarTt 12 diluted 

column 6: MAb 425-CH2*(NcoO- !L-8 supernatant undiluted 

colimm 7: MAb 4250^-(Nool)- IL-« sii^ematant 1 :2 (filuted 

column 8: MAb 425*CH2-(Bcll)- IL-8 supernatant undiluted 

column 9: MAb 425-CH2-(Bcll)- lL-8 supernatant 1:2 dnuted 

vertical a»s: % MPO activity compared to total MPO amount (1 00%). 

DdtalSed Description 

General remarks 

AD micrDorganisms, ceO Ones, piasmids, promoters, resistance markers, replication origins, restriction sites or oltier 
fragments of vectors which are mentioned in the application are commerdafly or otherwise generally availabla Provided 
that no other hints are gwen. they are used only as exanples and are not essential according to the invention and can 
be replaced by other suitable tods and biological materials, respectively. 

The techniques which are essential according to the invention are described in detail below. Other techniques which 
are not described in detaB correspond to known standard methods whic^ are well known to a pe^ 
or are described more in detail in the cited references and patent applications and in standard litemture (e.g. 'Antibodies, 
A Laboratory Manual", Hariow. l^e. Cokl Sprng Harbor, 1988). 

Monoclonal antibodies 

MAb 425 is an IgQl murine monoclonal antibody raised against the human A 431 caxinoma cell line (ATCC CRL 
1555). MAb 425 binds to a polypeptide epitope of the external domain of the human EGF-receptor and conpetes with 
the binding of EGF. MAb 425 was found to mediate tumor cytotoxicity in vitro and to suppress tumor cell growth of 
epkJemioid and colorectal carcinoma derived cell Ones in vitro (Rodeck et al., Cancer Res. 47: 3692, 1987). Humanized 
and chimeric verskws of MAb 425 have been disctosed in WO 92/1 5683. 

Chemokines 

Chemokine^cocf ng cDNAs were either purchased from British Biotechnology Limited (human IL-* BBQ 44: Her- 
rmann Biermann QmbH. Bad Nauheim FRQ) or generated from mRNA isolated from the cytokine producing human cell 
line U 937 (ATCC CRL 1593). Total RNA from chemoWne^jrodudng ceils was Isolated with RNAzd (WAK-Chenio, 
Germany) accoring to the manufacturer^ instaictiona The RNA was 6ul>sequently transaijed Into cDNA and chem- 
oWne encocfing sequences were PCR-ampOfied using appropriate primers deduced from putiiished DMA-sequences. 

Vectors 

pUC 1 9 is part d a series d related high copy number E. coG plasmW cloning vectors and contains portkxis d 
pBF^ and M13nrp19. pUC 19 contains the inducUe bacterial lac promotor-operator, foQowed by a multple doning 
site (Vbnisch-Penonetal. Gene 33: 103-109, 1985). pUC vectors arecommefciaOyavailable(e.g. New England Bidabs). 

The pBluesdpt KS/SK+ and KS/SK- phagemkJ vectors are derived from pUCl9. The vectors are conrordaBy 
avaOable (Stratagene, Heideberg). The prokaryolic expresston vectors are based on pSWI vector (W^ et ai.. Nature 
341:544-546, 1 989), which is a derivative d the pUC 19 vector. pSWI contains a sequence coding for the lea^ 
d the bacterial pelB gene from Enwinla carotovora (Lei et al., J. Bad 169: 4379-4383. 1987). Rsreign DNAs can be 
Introduced in fmme behind the pelB leader sequence to dired protein expresston into the periplasm. 

The eucaryotic expression vector pHCMV (Qillies et al.. Cell 33: 717, 1983) contains the origin d replication d the 
simian virus 40 (SV40) and the promotor and enhancer region d the human cytomegalovirus. The promotor/enhancer 
region is ioBowed a multi doning site for the introduction d genes to be expressed. In this vector the chimeric form 
d the MAb 425 heavy chain variable region and the cyl CH2 region fused with the chemddne at the end d the CH2 
domain were combined to generate a MAb 425 heavy chain fusion prdein. The fusion Ig chain can be assembled into 
the immunoconjugale by combining it with the appropriate light chain to form a monovalenl antigen-binding region, which 
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can then be assodated to produce a (fivalentimm^^ The heavy and the light 

chain constructe can be ptaced in one a separate vectors. 

Expression of fusion proteins In eucaryotJc cells 

5 

Construction of the eucaiyodc expression vectors for f^b 425-chemolclne fusion protein expression 
Fiuto of liatU25 and chernoldnes by PCR-technology 

10 The human cri constant region was inserted into pUC 19 as a BamHl/BamHI fragment The cyl constant region 
contains two Sacllsrtes: one located in the 5' introa 40 bp downstream erf the 5* BamHI site and a second located 580 
bp downstream d the 5" BamHI site and 140 bp upstream of the begnning of the The second Sacll site 

Is sifltaWefor further subcloning and thus the first Sac II site was destrcyed by Introducing a SnaBI site with an adaptor. 
In this coretrucl (ASac II cri) fragments downstream from the Sacll site can easily be exchanged. 

IB The human IL-8 was cut out of the pUC 18 vector (Bgl 11/ Eco Rl) and inserted into pBluescript SK+ (Stralagene 
GmbH, Heidelberg) (Smal/EcoRO. so that the Bglll and the Smal site were deleted The SacllObal fragment of the A 
Sacllcyl done was inserted into pBlueskr|pt SK+. Both genes were amplffied with suitable primers using PCR-technol- 
ogy: 

20 ' for ASac II cyl: 3* primer: end sequence of the CH2dornain and a Kool-^^ 
5* primer: reverse sequendng primer 

- for IL-d 3* primer: universal sequencing primer 
5* primer: a Noot-site and the start sequence of IL-8 

25 

The procfcjcts were cut and Itgated with SK+ Sacll/EcoRI. In the resulting peptide sequence the C-temiinal lysine of the 
CH2 domain is changed to methionine and the N-tenninal serine of the 11-8 portion is changed to glycine. 
The newly generated sequence at the junction between the two polypeptides is: 

30 

ffAAA 6CC ATG GGT OCT 3' 
Lys Ala, Met Gly Ala 

35 

Cy1CH2 <= => IL^(2-72) 



40 Thesameproceckirewascam'edout usingprimers ffebi 1) to Introduce a Bdl ^ between the two genes. The resulting 
fusion gene has a Bdl-site between cyl constant region gene and the IL-8 gene, encoding the fuS sequence of the CH2 
domain, two addWonal aminoadds (vaBne, isoleudne) and the IL-8 sequence without the first two amino adds (serine 
alartine). 

The newly generated sequence at the Junction between the two pdyp^es is: 

45 

ffGCCAAA GTGATCAAAGAA3' 
Ala Lys Val lie Lys Glu 

so 

cy1CH2 c= => IL-8 (3-72) 



55 
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PCR-products were suMoned into SKf by using the Sacll and EcoRi restriction sftes. Fbr eucaryotic expression these 
fuson genes were cloned into pHCMV-vedor. 



Tab.1 



5 


CfiQSlCUfit 


Primer 


PNAs«Qume 










CH2/NCDI 


oris* 


5'- CAGQAAACAGCTATQAC^' 






cri 3' • 


5*- TQWX;CATQQeTTTeQA9ArQQTmCTCa^ 


10 






y- GATCTACCTGCCATQQGTGCTAAAGAA-3* 




IL-83* 


5'- QTAAAACQACGGCCAQT- 3' 




CH2/BCII 




5'- CAGGAAACAGCTATGAC- 3' 






cri3' 


5'- CGCX3TGArCACrrTTGK3CTITGGAGATQQfrr-3' 


15 


IL-a/Bdl 




5'- CTCGTGATCAAAGAACTTAGATGTCAATGC- 3' 






IL-83' 


5*^ GTAAAACGACGGCCAGT- 3' 



20 

Expression of the inrnmnooonjugates in eucaryotic cells 

Expresston of immunooonjugales in eucaryotic cells requires the introduction of vector DNA contairing heavy and 
2S light chain into the host cells. A variety of different methods have been described such as electroporation, DEAE dextran, 
calcium phosphate, Upofectin or proloplasl fusion. Any host ceO type may be used provided that the recombinant DNA 
sequences encoding the immunoconjugate are properly transcribed into mFV4A in that cell typa HoA cells rm^ be mouse 
myeloma ceDs which do not produce immunoglobulin such as Spe/D-AG14 (ATCC CRL 1581). P3X63Ag8.653 (ATCC 
CRL 1580) or hamster cells such as CH0-K1 (ATCC CCL 61). or CHO/DHFR- (ATCC CRL 9096). a BHK-21 (ATCC 
30 CCL 10). Rr transient expression COS-1 (ATCC CRL 1650) or COS-7 (ATCC CRL 1651) may be used. 

llranslent expression of Immunoconjugates 

The expreesion vector pHCMV contains the origin of replication of the simian vims 40 (SV40). Ttie cell fine COS-7 
35 is a derivative of the simian cell line CV-1 which has been transformed with an aigin-defective SV40 virus. Therefore 
plasmids containing the SV40 origin of repBcation will be amplified and the production of immunocor^ugates will be 
improved. Supernatants were harvested 72 hours later and tested tor EGF-receptor binding and chemoWne concentra- 
tion by ELISA. 

40 Permanent expression of InununoconJugatBs 

Vectors containing recombinant constructs for the expression of immunocor^ugates are introduced into appropriate 
host ceils. The heavy and fight chafficon^njcts can be placed in the same a separate vectors; in the tatter case both 
vectors may carry the identical selection marker such as Neomycin resistance a dehydrofolat reductase (DHFR). or 
45 two different selection markers to select for the presence of both vectors. Selection for the DHFR mariner can only be 
perfonned in DHFR negative cell lines such as CHO/DHFR-. Mixed popidatfons are analyzed for sxpres^n of immu- 
noconjugates by EQF-receptor-spedf ic EUSA. Further selectfon for podtive monodonals is done by limiting dSution 
doning. 

50 Purffication of Mab 425 chemokine imnrwnoconjugates 

MAb425 immunoconjugates produced by the host ceB may be collected and purged by any suitable method such 
as affinity chromatography using target antigen, antl-cytokine antibodies or antHdiotypic antibodies (ag. Hariow. Lane. 

I.C.). 

55 In the present case the purification was achieved by anti-idfotypic antibodies which were produced from MAb 425 
by standard methods (e.a Kosteiny et al. (1992). J, Immunol. 148. 1547). 

In order to obtain pure Fv- immunoconjugates. £ co// strains suitable fa protein expression were transformed with 
the expression plasmids (see below). Cells were grown to ODsts = 0.5 and induced with isopropyl-p-D-thfogalactopyra- 
noskle (IPTQ) (ImM). CeDs were grown overnight and supernatants and cells were harvested. The supernatant was 
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app&6dtoanantiMAb425antiicfiotyp(c cdumn prepared according to standard procecfc^ 
with phosphate buffered 0.5 M NaO. and bound proteins were eluted with 100 mM Glycine 0.5 M NaCi at pH 2.5. The 
eluate was immediatety neutralized wHh Tris 2.5 M pH 8.0. MAb 425-CH1 -IL8 containing fractions were pooled, concen- 
trated and diatyzed against PBS. 

Construction of the piocaryotic expression vectors for Fab425-chenK>kine and Fy-chemokine fusion protein 
expression 

The Fv fragment was created according to Glockshuber et al. (Biochemistry 29: 1362-1367, 1990). The DNA 
sequences coding for the light chain and the Fd fragment of the heavy chain or the Fv fragment have been Introduced 
into the multiple cloning site of the pSWI vector. The mature fight chain coding sequence, the heavy chain mature codir^ 
sequence and the Fv coding sequence are preceded by the leader peptide of the bacterial pel B gena The heavy chain 
coding sequence contains a Ncol (3* end) site. TTie chemokine encoding cDNAs were modified tjy PGR to introduce the 
Ncol (5* end) and the NotI (3' end) or EcoRI (for Fv-fusion) restriction sites. The chemoWne genes were fused m frame 
directly to the CHI domain of the heavy chain or the Fv fragment. Alternatrvely, a linker peptide, such as (Qly-Qly-Qly- 
Gly-Ser)x, wherein x may have the values from 1 to 4, can be introduced between the CHI domain and the chemoKine 
gena Such linkers and methods to produce them are known in the flterature (ag. Curtis et al. 1991. Proc. Natl Acad 
Sci.U.aA.88.5809). 

These vectors enable the eTicient expression of functional F(ab') (- CHI) and Fv-chenrx)kine hj&ton proteins In E. 
cofi. The Cght chain and the heavy chain-chemokine fusion protein are kx»ted on a single (fidstronic mess&iger RNA 
placed underthe controlof the inducible lac promoter (Skene and PtOckthun, Sctence242: 1038-1040. 1988). Therefere, 
expression of the Fati/Fv-fusion protein can be induced acoorcfing to the requirements for culture concfitions. The trans- 
lation of both proteins from a cf ctstronic messenger RMA favours synthesis of equal amounts of Fd-chemokine fuskm 
protein and light chain thus increasing the chances for oon-ect assenttly into functkxi Fab/Fv-fusion protein& The two 
polypeptides are seaeted into the periplasm of E. coli, where folding, formation of disulphide bonds and assent)ly into 
functional Fab 425CH1;Fv fusion protein takes place. Prolonged culture of bacteria leads to a partial pemneabSization 
of the outer membrane of E. coG permitting the diffusion of fusion proteins into the culture medium. 

Binding properties of Mab 425 invmrnoconjugates 

The binding properties of the MAb 425 immunoconjugates were determined by EGF-receptor-specffic ELISA. In 
brief, miaotiter plates were coated over ni^ at 4»C with purified EGF-receptor. The plates were incubated with fuskm 
protein-containing supematants or supematants containing unconjugated MAb fragments. Plates were washed to 
remove unbound material, and antibody bound to the EQF-receptor was detected by incubation with goat-anti-human 
IgQ and IgM (heavy and light chain) oonjugatedto peroxidase, followed by substrata The amount of bound EQF-receptor 
spedTic protein was determined by measuring at 490 nra 

Biological actMty of Mab 452-iL-a immunoconjugates 

isolatfon of effector cells 

For the detenrinatkxi of bio(ogk:aI activity, human peripheral blood neutropha granulocytes were freshly isolated 
from whole Uood of healthy donors as previous descr&ed by Haslett et al. (Am. 1 Piathol. 119: 101 -1 10, 1985). Plasna 
was separated by centrifugatkxi. erythrocytes by deodran-sedimentation and at last the lymphocytes and leucocytes 
were separated by percdl-gradient centrifugatioa The isolated neutrophfls were used immediately. 

Determination of chemotactic activity 

Determination of chemotaxis was performed according to Falk et al. (J. Immunol. Methods 33: 239-247, 1980). 
Briefly, a 48-well boyden chamber and 5 pm membranes was used. Purified neutrophils were resuspended in DMEM 
medium (DMEM. 1% Penicillin. 1% Streptomydn. 10% FCS, 2 mM L-Qlulhamia ImM Na-joyruvate. 10 mM HEPES) in 
a concentration of 1 x 10^ cells/ml. The lowerweOs were loaded withthefiision-protein containing supernatantsacontrol 
supernatants, covered with the membrane and finally the upper wells were k)aded with the cell suspension. After Incu- 
bation at 37"'C for 30 minutes the membranes were removed, and foced in 2% glutardialdehyde for 10 minutes. Then, 
ceDs attached to the membrane were stained in Weigerf s iron hematoxylin (Sigma diagnostic) lor three minutes. The 
number of the cells bound to the membrane vras determined microscopically. 
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Detenniitation of ttia capacity to induce enzyme release In neutrophils 

To ealuate the capacity of the tmmunoconjugates on neutrophDs to induce granuia release, myeoiopffaxidase 
activity in the sipematant was monitored (Hanson et ai. J. Immunol. 121 : 851 , 1 978). The assay was perfonned in 96 
wefl microliter plates with 5 x 105 cells per weO. After incut»tion {zr Q with stimili. plates were oentrffuged and cell 
free supernatant was transfenred to another 96 well microtiterplate. The cell free sipematants were incubated with 
dianis(fine (as substrate) and abeorbance was measured at 492 nm. As positive control FMLP in 10"? m concentration 
was used, for detennining total enzyme content cells without stimufi were lysed with tntort. Activity was calculated as • 
percentage of to total enzyme content (lysis). 

Detemiination of superoxide release capacity 

Cytochrome c is reduced ty O^" and thereby changes its absorbance. The change in absorbance represents a 
valuable marker for the estimation of superoxide activity. The assay was performed according to Ckithrie et al. (J. Exp. 
Med. 160: 1656-1671, 1984) in 96 weB microtiterplates with 5 x 105 cells per well. After incubation with stimuB and 
cytochrome c plates were centrifuged and the absorbance of the supernatant was determined at 550 wn. 

Further Immunoconjugates 

According to the above description anti EGFR- CHI . -CH2-, CH3 and -Fv immunoconjugates (with/Without restriction 
site and linker) were prepared and investigated, comprising of MlP-2a und MIP-2p as chemokine conr^nent These 
constructs show similar properties as the IL-8 derivatives. 

Therapeutic use of the immunoconjugates 

The immunoconjugates according to the inventkxi can be administered to human patients for therapy Therefore, it 
is an object of the invention to provide a phamnaceutical formulation comprising as active ingredient at least one fusion 
protein defined above and in the claims, associated with one or more pharmaceutically acceptable canier, exdpient or 
dOuent therefore. 

Typically the tinrnunooonjugates of this invention win be injededintrave^ Qenerally, thedosage 

ranges for the administration of the immunocoriiugates are targe enough to produce the desired tumor suppressing and 
tumor lysing ^eci The dosage wiD depend on age, condition, sex and extent of the disease in the patient and can vary 
from 0.1 mg/kg to 200 mg/kg. preferably from 0.1 mg/kg to 100 mg/kg^jose in one or more doses administrations daily, 
for one or several days. 

Preparations for parenteral administration includes stenle aqueous or non-aqueous solutfons, suspensions, and 
emulsfona Examples of non-aqueous solvents are propylene glycol, polyethylene glycol, vegetable d&s such as dive 
oOs. and injectable organic esters such as ethyl oleate and other solvents known in the art which are suitable for these 
purposes. The immunoconjugates of this invention can be used in a compositkxi conprising a physiologically acceptable 
carrier. Examples of such suitaWecanierB are saline, PB& Ringerls solution, or lactatedRinger^solutwn. Preservatives 
and other adcfitivessu^ as antitottes, antioockiants. and chelating agents may also be preset in the phannaceutical 
fomiulatfons. 

The pharmaceutk:al formulatkxis of the present inventfon are suitable for the treatment of aD kinds of tumors. Mud- 
ing melanomas, glkxnas and cardnomas. as wefl as blood tumors and aoOd tumora 

Cialme 

1. Imniunocor^ugate comprising of a monoctonalantfoody or a fmgm 

antigen epitope of the epidennal growth factor receptor (EGFR). and a chemokine protein which is fused to sakf 
antibody or antibody fragment 

2. Immunocor^ugate according to Claim 1 . wherein the chemokine is selected from the C-X-C 1an»ly. 

3. Immunocor^ugate according to Claim 2, wherein the chemokine is lL-6. 

4. Immunocoriiugate accord ng to one of the Claims 1 to 3. wherein the antibody is a Fab fragment or a F(ab')2 fragment 
consisting essentiaDy of the variable regfon of the antibody heavy chain, the CHI domain of the constant region, 
and the appropriate light chain (antibody-CHI conjugate). 
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& Immunoconjugate according to one of the Claiine 1 to 3, wh^etn the antibody is an antbody fragment consisting 
esGentially of the variable region of the antixxiy heavy chain, the CH1 and CH2 domaina of the constant region, 
and the appropriate light chain (antibody-CH2 corrugate). 

6. Immunoconjugate according to one of the Qaims 1 to 3. wherein the antibody is an antibody fragment consisting 
essentiaBy of the variable region of the antibody heavy chain, the CH1, CH2 and CH3 domains of the constant 
region, and the appropriate fight chain (antibody-CH3 corrugate). 

7. Immunoconjugate according to one of the Claims 1 to 3. wherein the antibody consists essentiaOy of the variable 
region of the antibody heavy chain, the appropriate light chain and a polypeptide sequence which links the Oght and 
heavy chain (anttoiy- Pv conjugate). 

a Immunoconjugate according to one of the Claims 1 • 6. comprising of an amino acid (sequence) which is deducable 
to a DfsiA restriction site between antibody /antibody fragment and biological active Bgand. said restriction site being 
unique within the complete fusion construct 

9. immunoconjugate according to one of the Qaims 1 - 7. comprising of a linker peptide between antibody /antibody 
fragment and btological active figand. 

10. Invnmoconjugate according to one of the Gaims 1 - 8. wherein the antibody or antibody fragment derives from 
murine, humanized or chimeric MAb 425. 

11. An immunoconjugate selected from the grovp fAPt 425-CH1-IL8. MAb 425-CH2-(Ncol)-IL8. MAb 425-CH2-{Bcll)- 
IL8. MAb 425-FV-IL8. MAb 425-CH3-D-8. 

12. Method for nranufacturing an inrinwocorijugate according to one of the Qain^ 1 to 10 by fusing the DNA sequences 
coding for the antibody or antibody fragment and the biologcally active ligand with one another on a single stranded 
DNAbymeansofaoGgonudetidewhk^hiscomplernentarytothedesiredfustonDrM-sequence^ 

construct into an expression vector which is transformed into the host organism, cultivating the host cells in a nutrient 
solution and expressing the fusion protein. 

13. Phannaceutical composition conprising at least one of the invnunoconjugates acoordtng to Claims 1 to 10 and a 
physidogicafly acceptable carrier. 

14. Use of an immunoconjugate according to one of the Claims 1 to 1 0 for the preparation of a drug directed to tumors. 
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Figure 1 



Construct 



inAb425-CHl-Chemoldne 




inAb42S<3a-Chcnxddne 




inAb42S-CH3-Cbeinolune 




fnAb425*F,-Cbcnx)kiRe 
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Figure S 
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